The purpose of the work described in this paper was, first, to elicit the Shwartzman phenomenon in lymph nodes by preparation with bacterial filtrates through the lymphatics, and second, to study the relation of the lymphatic system to the phenomenon.
Anatomy of the Regional Lymphatic System.--In the inguinal region along the course of the circumflex abdominal vessels is a subcutaneous lymph node which drains the skin and subcutaneous tissues of the lower part of the abdomen and the medial surface of the thigh. This node is called the inguinal lymph node. An efferent lymphatic from this node accompanies the circumflex abdominal vein and artery and then the femoral (crural) vessels to terminate in the common iliac node of the same side. 1 These common iliac nodes are situated on the posterolateral surface of the common iliac arteries. They are associated with the hypogastric node by fine anastomosing lymphatics. This latter node is found in the hollow of the sacrum closely applied to the anterior aspect of the hypogastric veins. Thus, a 1 per cent aqueous solution of trypan blue injected into the skin of the lower part of the abdomen or the medial surface of the thigh will go to the corresponding inguinal node and subsequently be found coloring hypogastric and homolateral common fliac nodes. Similarly, dye injected into the femoral or circumflex abdominal lymphatics will go directly to the latter nodes. Intraderreal injections made more cephalad will drain also to subcutaneous nodes posterior to the lateral thoracic vessels in the pectoral region or to the axillary node which lies in the axilla medial to the axiUary vein. If intradermal injections of dye are made near the midline of the belly they may drain to the lymph nodes of the opposite side. The iliolumbar lymph node is concerned with the lymphatic drainage of the skin of the lateral surface of the thigh and of the lower back. It is a subcutaneous node along the course of the iliolumbar vessels, slightly posterior to the anterior superior spine of the ilium.
The Shwartzman Phenomenon in Lymph Nodes
Procedures:--With aseptic precautions, under ether anesthesia, an incision was made in the skin of the groin of normal rabbits weighing 2000-4000 gm., and not over 14 months old. Using a short bevel No. 26 gauge intradermal needle, meningococcus (15) or B. typhosus (16) culture filtrate was injected into the circumflex abdominal lymphatic in the direction of the femoral vessels. The filtrates were given in dilutions varying between 1:30 and undiluted and in amounts of 0.1-I The terminology used in this description corresponds generally to that given by Krause (14) . However, the group of lymph nodes which he designated as hypogastric is here subdivided into hypogastric and right and left common iliac nodes. The term illolumbar is preferred for the subcutaneous lymph node found along the course of the iliolumbar vein and artery because its location and the area it drains is different from that of the node called inguinal in the present paper.
0.3 cc. (Table I) . Care was taken not to traumatize the lymphatic except during the actual injection of the filtrate. When difficulty was experienced in injecting the fluid, the operation was immediately performed upon the opposite side. After the filtrate was injected into the lymphatic, the skin incision was closed with silk.
24 hours after the initial injection, the animals were given an intravenous dose of the filtrate in a dilution equivalent to 5 to 25 reacting units, per kilo of body weight (17) ( Table I) .
The animals were killed 4 to 6 hours after the intravenous injection and autopsied. The common iliac and hypogastric nodes and usually the mesenteric, iliolumbar, pectoral and axillary nodes, were inspected and taken for study. As controls on the combined injections, an equal number of rabbits were killed and autopsied 24 to 30 hours after the intralymphatic injection of filtrate without the administration of intravenous filtrate. Comparable lymph nodes from these animals were removed. The animals were killed by continuous administration of ether with ready access of air.
The lymph nodes were fixed in Zenker-formol solution or 10 per cent formalin and routine hematoxylin-eosin stains were made. Mallory's aniline blue stain, Weigert's fibrin stain, Foot and Foot's silver impregnation for recticulum (18) and Verhoeff's elastic tissue stain counterstained with van Gieson's picrofuchsin solution were also used on representative sections.
The B. typhosus filtrates 2 used in this work were filtrates of saline washings of agar cultures made from strain T,. according to the method described by Shwartzman (16) . The meningococcus filtrates were prepared from a group II strain 383 received from Dr. Shwartzman. These were also made from saline washings (15) . The number of reacting units per cubic centimeter of the filtrates were determined in his laboratory (17) .
Effect of Combined Intralymphatic and Intravenous Injections of Bacterial Filtrates (Group I).--
The results of experiments involving the use of meningococcus and B. typhosus filtrates were in general quite similar and will, therefore, be considered together. They are summarized in Table I , groups IA and IB.
At the time of autopsy, the incisions in the groin through which the intralymphatic injections had been made, were clean; and when they were reopened, no significant hemorrhage was found in subcutaneous tissues of this region. The common iliac and the hypogastric nodes were prominent, being swollen and generally of a deep reddish purple color. They occasionally showed petechlae scattered over their surfaces. In rabbits 5 and 9 the hemorrhagic appearance of the common iliac nodes was limited to those on the side injected. The inguinal and iliolumbar nodes, despite their proximity to the site of manipulation, were hereof- rhagic in the gross in only three instances (rabbits 7, 6, 11). Lymph nodes not directly associated with the site of injection, were normal on gross examination. The rabbits showed no pathological changes other than those noted. Microscopic examination of the iliac and hypogastric lymph nodes of the rabbits in this series, whether injected with meningococcus or with B. typhos~s filtrate, generally revealed hemorrhage into the lymphoid tissue. In many instances this hemorrhage was of such extent as to destroy or completely mask the normal architectural relationships. Accompanying the hemorrhage, except in rabbit 1 which died shortly after the intravenous injection, were conspicuous changes in the smaller blood vessels. Capillaries and venules were greatly dilated. Some were markedly engorged; others were partly or completely occluded by thrombus formations (Fig. 1 ). These thrombi consisted of platelets and eosinophilic fibrillar networks in which were enmeshed many polymorphonuclear leucocytes. With Weigert's fibrin stain they had the appearance characteristic of fibrin. The endothelium of many of the veins and capillaries was much swollen, and projected into the lumina of the vessels. The nuclei of the endothelial cells did not appear to have the normal chromatin content, only the nuclear membrane taking the stain. The thrombi were not infrequently found adherent to the swoUen endothelial cells. The walls of some of the arterioles from two of the animals injected with meningococcus filtrate were swollen and had a hyaline appearance. The endothelial cells were shrunken and necrotic ( Fig. 2 ). There was some edema of the perivascular tissue about these arteriolar lesions, but cellular infiltrations were not prominent. Such arteriolar changes were not seen in nodes from other rabbits of group I. No thrombi were seen in any of the larger arteries. Elastic tissue stains (Verhoeff-van Gieson) showed no change in the elastica of the arteries and veins of the nodes or in the perilymphnodular tissue. Disruption of the lymphoid reticulum was demonstrated by Foot and Foot's silver impregnation. Slight to moderate diffuse polymorphonuclear infiltration accompanied the hemorrhage and vascular lesions. Macrophages were plentiful in the lymph sinuses and were filled with red blood cells. The pathological changes which have been described were limited to lymph nodes receiving the direct effect of the injected filtrates. None of the common iliac or hypogastric lymph nodes from these rabbits showed any hemorrhages on their surfaces (Table I , groups II A and IIB). They appeared normal in size and color. One exception was noted: the hypogastric node from rabbit 12 appeared congested, and when sectioned presented a sizeable area of hemorrhage in its medullary portion. Mesenteric nodes and those more superficially situated, such as the axillary and iliolumbar nodes, were in all cases negative.
Effect of Single Intralymphatic Injections of Bacterial Filtrates (Group
On histological examination the lymph nodes receiving the injected bacterial filtrates were generally slightly edematous and presented a variable polymorphonuclear infiltration. The polymorphonuclear leucocytes were often seen massed in the intermediate lymph sinuses; the follicles generally showed little or no reaction. Macrophages were found in increased numbers in the lymph sinuses, and frequently were filled with masses of cellular debris.
Histologically common iliac nodes from rabbits in these control experiments showed no hemorrhages, vascular alterations or thrombi. Of the hypogastric nodes, only two showed any hemorrhage into the lymphoid tissue.
One was from rabbit 12, injected with meningococcus filtrate, and has already been noted in the macroscopic description. This node presented a large hemorrhage in its medullary portion which was surrounded by a well defined zone of polymorphonuclear leucocytes. It was perhaps traumatic in origin and caused by the sudden introduction of a relatively large amount of fluid (0.3 cc. of filtrate) during the intralymphatic injection. There was blood in the lymph sinuses in this region, but the veins and capillaries were not congested or thrombosed. There were no arteriolar lesions. The second hypogastric lymph node with hemorrhage was removed from rabbit 16 which had been injected with B. typhosus filtrate diluted 1:30. This node showed no accentuation of the polymorphonuclear infiltration of the lymph sinuses in the regions of hemorrhage. There were no thromboses in this or other hypogastric nodes of this series. The hemorrhages in this node were also considered traumatic, caused at the time of its removal by considerable bleeding resulting from an accidental cutting of the vena eava.
Lymph nodes unrelated to the injected site, such as the mesenteric nodes or subcutaneous nodes in these control rabbits, were negative in all cases for hemorrhage and vascular lesions.
Effect of Single Intravenous Injections of Bacterial Filtrates on the Lymph Nodes.
--Three stock rabbits were given single intravenous injections of meningococcus culture filtrate 383 in doses of 10 reacting units per kilo. Inguinal, iliolumbar, pectoral, axillary, iliac and hypogastrie lymph nodes were all entirely negative on both gross and microscopic examination. Further experiments along these lines were not done, inasmuch as Apitz (19, 20) , Freund (21) and Gerber (22) have demonstrated that single intravenous injections of bacterial filtrates, even in lethal doses, do not produce hemorrhages or thromboses in the lymph nodes of normal rabbits.
The experiments that have been described indicate that following an intravenous injection of bacterial filtrate it is possible to elicit the Shwartzman phenomenon in lymph nodes of rabbits prepared by an injection of the filtrate into the afferent lymphatics. Single intralymphatic or single intravenous injections of the filtrates are ineffective in evoking such changes. The state of local reactivity in the lymph nodes is limited to those nodes that receive the direct effect of the filtrates.
Effect on the Lymph Nodes of the Shwartzman Phenomenon in the Skin
In order to study the effect of the Shwartzman phenomenon in the skin on the lymphatic system, an intradermal preparatory injection as originally described by Shwartzman (1) was used. It is well known that materials injected intradermally enter the cutaneous lymphatics (3) and an opportunity is offered thereby to avoid the trauma necessarily incidental to dissection and direct injection of the lymphatics.
Healthy stock rabbits about 2000 gm. in weight and having no visible scratches or infections of the skin were used. The hair of the abdomen and groin was clipped 1 or more days before the experiments.
The rabbits were each injected intradermally with 0.25 cc. B. ty, phosus culture filtrate. 24 hours later they were given an intravenous injection of the same filtrate. The concentration of the intradermal injection varied between a dilution of 1:30 and undiluted; the intravenous dose was 1 cc. per kilo of a dilution equivalent to 25 to 40 reacting units per cc. (Table II , group III). Control rabbits received an intradermal but no intravenous injection (group IV).
The preparatory intradermal injection was usually placed in one of the lower quadrants of the abdomen. In rabbits 24, 25 and 50 (Table II) , it was made on the medial aspect of the left thigh.
The site of the preparatory injection was observed immediately before the intravenous injection and again 4 to 5 hours after it. The animals were killed 4 to 6 hours after the intravenous dose, and in the case of controls 24 to 30 hours after the intradermal injection. The only exceptions were rabbits 45, 46 and 47, which were killed 48 hours after the intradermal injection. The regional lymph nodes and those studied following the intralymphatic injections were inspected and examined microscopically.
The lymph nodes were fixed and stained by the methods used on those removed from the animals given intralymphatic injections of bacterial filtrate. The tissue was further examined for fat by Scharlach R.
Effect on Lymph Nodes of Combined Intradermal and Intravenous Injections of B. typhosus Filtrate (Group IH).--None of the animals
presented any cutaneous hemorrhage before the intravenous injection, and in only three was there some swelling of the prepared skin areas (Table II) . Thirteen of 23 rabbits showed definitely positive Shwartzman reactions following the intravenous injections. These varied in intensity and extent from a few isolated punctiform hemorrhages (1+ pf.) to large bluish purple areas (4+) measuring 2 cm. or more in diameter. In all these Shwartzman positive animals, except one (rabbit 28), the regional lymph nodes draining the injected skin sites were hemorrhagic and were larger than those on the uninjected side (Fig. 3) . The extent but not the character of the hemorrhage in these nodes appeared to depend on the concentration of the filtrate injected intradermally.
Hemorrhage was sharply limited to the regional lymph nodes which might, however, be several centimeters distant from the prepared site. When the filtrate was introduced into the skin so as to drain into the inguinal nodes, the secondary nodes in the chain, that is, the hypogastric and homolateral common iliac nodes, were usually markedly hemorrhagic.
A lower threshold for the production of the Shwartzman phenomenon in lymph nodes than in the areas of skin which they drain is indicated by the presence of extensive hemorrhagic lesions in the regional lymph nodes of seven out of ten of the rabbits with negative Shwartzman reactions in the skin.
Microscopic study generally revealed bleeding into the substance of the lymph nodes. This might be so extensive as to disturb the entire structure of the node, or of that part of the node involved. In other cases there were multiple hemorrhages into the foUicles. The reticulum of these nodes was fragmented in the areas of hemorrhage. There was usually blood in the lymph sinuses. The histiocytes were filled with red blood cells and the red corpuscles were frequently seen sticking to the surface of these cells.
In the hemorrhagic lymph nodes the venules and capiUaries in both the cortical and medullary substance were usually congested. Their endothelial cells were greatly swollen and bulged into the lumina of the vessels. Nuclei of these cells took the hematoxylin stain poorly. Schadach R stain showed that some of the endothelial cells had undergone fatty degeneration. Thrombus formations were found in these vessels. They might completely fill the cross section of the vessels or be seen extending from one branch to another. Where they did not completely occlude the vessels, they formed endovascular collars or polypoid projections adherent to the endothelial cells (Fig. 4) . Proliferated endothelium was frequently seen covering them. The thrombi consisted of polymorphonuclear leucocytes and platelets enmeshed in delicate networks of fibrin. While generally occurring together, the hemorrhage and thromboses were occasionally seen independently of each other. The arterioles were constricted rather than dilated and contained little blood. Occasionally there was swelling and edema of their walls.
Regional lymph nodes from rabbits subjected to the Shwartzman reaction, showed an infiltration with polymorphonuclear leucocytes, most marked in the lymph sinuses bordering the medullary cords and in the lymphoid tissue around some of the thrombosed blood vessels. Emigration of leucocytes through the walls of veins and capillaries was occasionally seen. The polymorphonuclear leucocytes were seen in all stages of degeneration, and stained with Scharlach R, these cells, regardless of their location, usually were filled with finely divided globules of fat. Macrophages were very plentiful and contained red cells, vacuoles and much basophilic cellular debris. Phagocytosls of material other than erythrocytes was much more pronounced in rabbits which had been injected intradermally than in those injected by the intralymphatic route. In the follicles with hemorrhage there was often necrosis shown by nuclear fragmentation and disintegration of cells. The perivascular infiltration appeared to be secondary to the vascular damage as there were not infrequently thrombi and other vascular changes described above, with little or no reaction in the perivascular tissue. Further, the amount of hemorrhage in the affected lymph nodes did not bear any constant relation to the severity of inflammation present. Hemorrhage, together with the thromboses, seemed to be a consequence of primary alteration of the blood vessels.
Lymph nodes not draining the regions injected showed none of the pathological changes just described.
Results of Single Intradermal Injections of B. typhosus filtrate (Group IV).--Rabbits killed 24 to 48 hours after an intradermal injection of
B. typhosus culture filtrate showed no gross evidence of hemorrhage in any of the subcutaneous lymph nodes examined, whether regional or unrelated to the site of injection (Table II, group IV) . Deep lymph nodes, such as the common iliac, hypogastric and mesenteric nodes, were normal in appearance in all cases. The injected skin sites never showed hemorrhagic reactions.
Microscopically, regional lymph nodes in rabbits killed 24 to 30 hours after receiving an intradermal injection of B. typhosus culture filtrate showed a moderate degree of edema (Fig. 5) . There was diffuse infiltration with polymorpho-nuclear leucocytes throughout the medulla and sinuses, but little if any in the follicles. Many of these leucocytes had pyknotic nuclei. The cellular infiltration was proportional to the concentration of the filtrate injected intradermally. Comparable nodes removed from rabbits killed 48 hours after the intradermal injection of undiluted filtrate still exhibited a considerable number of infiltrating polymorphonuclears. Macrophages which were increased in number in both the follicles and lymph sinuses had phagocytized basophilic cellular debris. There were no phagocytes containing red cells.
Inflammatory reactions were limited to the regional lymph nodes; those not concerned with the drainage of the injected skin site, e.g., the mesenteric nodes and the contralateral superficial and deep nodes, were normal.
No hemorrhage or vascular lesions were seen in the lymph nodes from animals of these control experiments regardless of the concentration of the filtrate used in the intradermal injections.
DISCUSSION
The pathological changes in the Shwartzman phenomenon in the skin and other tissues have been studied by Apitz (23), Moritz and Morley (6), Karsner and Moritz (24) and Gerber (25) . These authors all agree that varying degrees of inflammation occur following the preparatory injection with the bacterial filtrate, and that hemorrhage and thrombosis are produced subsequent to the reacting injection. In the experiments just described such changes have also been noted. Karsner and Moritz, however, observed hemorrhage and thrombosis occurring with the initial injection alone and consider the essential difference between this picture and that following the intravenous injection to be a quantitative one. In the present study, hemorrhage and thrombosis have not been seen in the lymph nodes of rabbits which were subjected only to the preparatory injection. The results are, rather, in accord with those of Apitz and of Gerber, who state that in their experiments, the preparatory injection evokes an acute edematous leucocytic reaction without evidence of vascular damage, hemorrhage or thrombosis. In the lymph nodes, as in the skin (Gerber), the amount of inflammation produced following the preparatory injection is proportional to the concentration of filtrate. Further, thrombosis and hemorrhage following the reacting dose are not dependent on the amount of previously existing inflammation. Gerber finds that in the skin, vascular dilatation, congestion and hemorrhage following the reacting injection precede thrombosis. In the present study thrombosis has been seen after the intravenous injection without congestion and hemorrhage. With the Shwartzman phenomenon there were swelling and fatty degeneration of endothelial cells of thrombosed blood vessels of lymph nodes. Apitz (19) and Gerber noted no endothelial alterations at the point of attachment of thrombi.
CONCLUSIONS
Characteristic changes are produced in the lymph nodes of rabbits following the intravenous injection of certain bacterial filtrates administered 24 hours after either an intralymphatic or an intradermal injection of the same filtrate. These changes are limited to the nodes served by the lymphatic injected or to those furnishing the lymphatic drainage for the injected skin site. By either method the initial or preparatory injection of filtrate reaches the lymph nodes through one or more of its afferent lymphatics, and similar lesions are produced in the nodes.
The lesions consist of hemorrhages recognizable by gross and microscopic examination. The capillaries and veins are congested and thrombosed. Their endothelial cells are swollen. Arterioles are generally little affected. Though hemorrhages and thromboses are usually seen together in the nodes, they have been observed occurring independently. They are both probably secondary to endothelial changes. The lesions are not dependent on the amount of preexisting inflammation in the nodes.
Endothelial changes, hemorrhages and thromboses were usually noted in the regional nodes when positive Shwartzman reactions had been elicited in prepared skin by intravenous injection of the bacterial filtrate. However, these lesions in many instances were observed under similar conditions in these nodes even when the Shwartzman reaction in the skin was negative. It appears that lymph nodes are more susceptible to the production of the Shwartzman phenomenon than the skin sites which they drain.
A single intralymphatic or intradermal injection of the bacterial filtrates used in this study, even in high concentrations, does not produce in adjacent lymph nodes the characteristic changes noted when this preparatory injection is followed by a subsequent intravenous injection of the filtrate.
Single intravenous injections also are not productive of hemorrhage and thrombosis in lymph nodes.
EXPLANATION OF PLATE 7
Dilutions and amounts of preparatory and reacting injections are given in Tables I and II. FIG 
